In a recent paper (Prankerd & Altman, 1954) certain changes in phosphorus metabolism occurring in fresh cells incubated in vitro at 370 were described. It was shown (i) that adenosine and guanosine make possible the exchange of 32p between cells and plasma in the absence of glucose, (ii) that 32p entering the cells is incorporated into phosphate esters, and (iii) that 32P-labelled cells, when incubated at 370 with an excess of glucose, begin to lose 32p after 16 hr. owing to breakdown of phosphate esters, but that this change can be prevented by the addition of adenosine or guanosine. It was concluded that the effect of nucleosides arose from their cleavage by a phosphorylase, and that the ribose phosphate so formed was metabolized in the hexose monophosphate shunt. Recently, Gabrio, Donohue & Finch (1955) have shown that adenosine improves the storage of red cells at 40, and Gabrio, Hennessey, Thomasson & Finch (1955) have reported that adenosine increases the content of easily hydrolysable phosphate in the stored red cells. The experiments described in this paper were made in order to obtain more precise information on changes in blood stored at 40 in the presence and absence of nucleosides.
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MATERIAL AND METHODS
Whole blood was obtained under sterile conditions from healthy donors and mixed in 5:1 ratio with 'A-C-D medium' (disodium citrate 2-0 g., dextrose 3-0 g., water 120 ml.). To this mixture was added 0-1 vol. of 0-9 % NaCl or 0-1 vol. of 0-05M adenosine in 0-9% NaCl, and the mixtures were kept in a refrigerator at 4°. Samples for analyses were taken with aseptic precautions at varying intervals.
Glucose. This was estimated in duplicate samples of whole blood by the method of Nelson (1944) . The standard error of these estimations on five samples of blood was ± 0-45 %.
Phosphate esters. These were separated from trichloroacetic acid (10 %) extracts of washed cells by the method of Caldwell (1955) . The chromatograms were run in propanol-NH3 soln.-water for 18 hr. to get better separation of adenosine triphosphate and adenosine diphosphate. The total phosphorus estimated in the esters thus separated accounts for about 70% of the total phosphorus of blood cells.
Phosphorus. This was determined by the method of Berenblum & Chain (1938) .
14 Sodium and potassium. These were estimated in blood cells washed with 0-9 % NaCl by means of an EEL flame photometer (Evans Electroselenium Ltd., Harlow, Essex), with known standards. The standard error of these estimations on five samples of blood was Na, +0-75%; K, ±0-61%.
Lactic acid. This was determined by the method of Barker & Summerson (1941) .
Nucleosides and purines. These were separated and estimated by methods described by Prankerd (1955) . It has recently been found by paper electrophoresis that adenosine is first deaminated to inosine, which then undergoes phosphorylative cleavage to hypoxanthine and ribose phosphate. This method of separation only differentiated nucleosides from purines.
Cells were separated from blood samples by centrifuging at 3000g for 10 min. in graduated tubes. Changes in cell volume were estimated by centrifuging samples under the same conditions in Wintrobe haematrocrit tubes. Intercellular fluid was taken to constitute 2 % of the cell volume (Jackson & Nutt, 1951) and this was deducted to obtain true cell volume. Intracellular contents were corrected for changes in cell volume during storage.
Although in some experiments about 20 ,uc of carrier-free [82P]orthophosphate was added to the blood after temperature equilibration had been obtained at 40, in other experiments blood was incubated with the same amount of [82P]_ orthophosphate at 37°for 4 hr., then washed with saline, and resuspended in a previously separated portion of extracellular fluid (which was free from radioactivity) before storing at 4°. The radioactivity in phosphate esters and supernatant fluid was assayed by means of an end-window Geiger-Muller counter. For this purpose areas of paper containing the separated phosphate esters were counted, and 0-1 ml. of supernatant fluid was dried on filter paper and also counted. Counting rates of 25 000 counts/min./,uc of 82p were obtained; all counting was continued sufficiently long to give standard errors of less than 3 %. Table 1 shows changes in phosphate esters which occurred during storage of blood cells with and without adenosine.
RESULTS
Storage without adenosine. In the absence of adenosine the following sequence of events was observed. During the first 3 weeks 5-95 ± 0-23 mmoles of glucose/l. ofblood disappeared ( 1-8 ± 0-29m-moles of glucose/l./week), and 1-4 + 0-2 m-moles of lactic acid/l. of blood appeared. The amount of lactic acid formed over this period was slightly, but Bioch. 1956, 64 209 T. A. J. PRANKERD significantly, less than that which corresponds to the amount of glucose utilized (P < 0 05 by Student's t test). Within the cells there was a slow but fairly constant fall in the amount of 2:3-diphosphoglycerate (2:3-DPG) and ofadenosine triphosphate (ATP). However, the rate of fall in ATP content was less than that of 2:3-DPG (0.11 umole/ml. of cells/week compared with 0-23 lamole/ml. of cells/week of 2:3-DPG). The rise in cell orthophosphate during this period can be accounted for quantitatively by the breakdown of 2:3-DPG and ATP; this indicates that no significant loss of orthophosphate occurred from the cells during 3 weeks. In spite of the fall in ATP content there was no corresponding rise in the adenosine diphosphate (ADP) content, and presumably ADP must have broken down to adenylic acid (AMP). Fructose 1:6-diphosphate (F 1:6-P) increased slightly (t, 4-25; P < 0.05).
After 3 weeks of storage the cellular metabolism can be seen to alter profoundly. Glucose utilization showed a sharp fall (0.55 ± 0-17 janole/l./week); lactic acid production almost ceased. About the end of the third week the 2:3-DPG content suddenly decreased and by the fourth week this ester disappeared altogether; its disappearance was associated with a further rise in cell orthophosphate. The fall in cell ATP continued and there was no corresponding rise in ADP. However, about the fourth week the breakdown of ATP appeared to come to a standstill in spite of there being about a quarter of the original content left. Fructose 1:6-diphosphate showed no further increase.
From about the end of the fourth week no further intracellular changes occurred, but haemolysis progressively developed. Over these 4 weeks concentrations of cell Na+ ion and K+ ion altered owing to the movement of these ions in the direction of their concentration gradients.
Storage with adeno8ine. In the blood stored with adenosine the changes occurring in the first 3 weeks closely resembled those described above, except with regard to 2:3-DPG. This ester showed no significant decrease over this period, and there was a significant difference between the amounts of 2:3-DPG in cells stored with and without adenosine (t, 4-35; P<0.05). Consistent with the better preservation of 2:3-DPG in cells stored with adenosine was the finding that cell orthophosphate increased less in these cells. Glucose utilization appeared to occur faster in the presence of adenosine (2.0 m-moles of glucose/l./week), but this difference was not significant (t, 2-04; P>0 1), and lactate production was not increased (t, 1-17; P > 0-1). The nucleoside disappeared from the extracellular fluid at the rate of 4-71 ,umoles/ml. of cells/week, and was replaced by purine. Changes in electrolyte composition of cells stored in this way were no different from those stored in the A-C-D medium alone. After 3 weeks' storage there was a remarkable difference between cells stored with adenosine and those without, namely, 2:3-DPG persisted in considerable amounts in cells stored with adenosine until after the fifth or sixth week. The contents of cell orthophosphate differed (t, 3-9; P < 0.05) and only rose in parallel with the fall of 2:3-DPG and ATP. However, in spite of the persistence of 2:3-DPG, ATP fell a similar extent in the presence as in the absence of adenosine. There was no difference in glucose utilization (t, 1-58; P>0.10) but lactic acid production was greater (t, 1P0; P< 0.01). The continued production of lactic acid corresponded quantitatively to the amount of nucleoside disappearing over the same 3 weeks (6-8 m-moles of lactic acid/l.: 6-1 m-moles of nucleoside/l.). As pointed out later this can be explained by the formation of lactic acid from the pentose of the nucleoside. Cell electrolyte changes did not differ significantly in the two media (for K+, t, 0-82; P > 0-10; for Na+, t, 0-43; P>0.10).
Turnover of 32p. The results of experiments on 32p turnover in stored cells are given in Tables 2 and 3.  Table 2 shows changes which occurred when 32p was added to the blood mixture at the beginning of storage. There appeared to be practically no flow of 32p into the ATP pool after the first week. This applied equally to cells stored in either way. On the other hand, there appeared to be a continuous flow of 32p into the pool of 2:3-DPG in both the presence and the absence of adenosine during storage for the first 4 weeks, as shown by the rise in specific activity of this ester. In the cells stored with adenosine, where 2:3-DPG persisted into the fifth week, the specific activity still rose at that time. Table 3 records changes in cells which were first incubated with 32p for 4 hr. at 370, and then subjected to cold storage. In previous experiments (Prankerd & Altman, 1954) it was found that incubation for 4 hr. resulted in a radioactive equilibrium. In the experiments in Table 3 adenosine was not added until the blood mixture had been kept at 40 for 30 min. To a large extent the changes which occurred were a reverse of those shown in Table 2 , since the cells were washed and resuspended in a 31P-phosphate medium before storage. Thus the specific activity of the 2:3-DPG pool fell owing to dilution with unlabelled phosphorus, which must have come from the medium, whereas the specific activity of the ATP pool showed no significant change. The activity of the cell orthophosphate pool increased considerably in the first 2 weeks and the increase must have resulted from the breakdown of labelled esters. In the cells stored with adenosine, where the breakdown of esters was less marked, the rise in the Table 2 , considered together with the lack of dilution of labelled phosphorus by unlabelled phosphorus in the ATP of cells as shown in Table 2 , indicated that relatively little synthesis of ATP was occurring in these cells compared with 2:3-DPG. Furthermore, in the presence of adenosine, synthesis of 2:3-DPG continued for a longer time than in its absence.
Reincubation at 370 after storage at 4°. In Table 4 final concentration of 0 005M, then, even after storage for 6 weeks uptake of K+ ion and resynthesis of phosphate esters occur, and after incubation for 1 hr. cells started reutilizing glucose. At this stage the ATP content had risen to 0 54 ,umole/ml. of cells. A considerable amount of adenosine is utilized on reincubating stored cells; about 3 1 ,umoles/ml. of cells/hr.; an amount much greater than was found with fresh cells (Prankerd, 1955) . These changes on reincubating stored cells appeared to occur just as readily whether adenosine is present during storage at 40 or not. DISCUSSION It is clear from the experiments described above that for about 3 weeks of cold storage the red cells retain their ability to metabolize glucose. At 40 the rate of synthesis of phosphate esters is less than their rate of breakdown, and the levels of these esters consequently decrease progressively. This fall is most marked in ATP, which decreases at a fairly constant rate from the start of storage, whether or not the cells are utilizing glucose; the rate of fall is similar to that observed by Maizels (1943) .
From the experiments in which 32P-phosphate was added to the storage mixture it appears that the incorporation of 32p into ATP is very small in 
